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A novel highly pathogenic avian influenza A(H5N6) virus af-
fecting wild birds and commercial poultry was detected in
the Netherlands in December 2017. Phylogenetic analysis
demonstrated that the virus is a reassortant of H5N8 clade
2.3.4.4 viruses and not related to the Asian H5NG6 viruses
that caused human infections.

In 2014 and 2016, outbreaks of highly pathogenic avian
influenza (HPAI) subtype H5NS8 clade 2.3.4.4 were ob-
served among wild birds and domestic poultry worldwide
(1) and in the Netherlands (2—4). Transcontinental spread
of these viruses, and that of the earlier HPAI H5N1 virus
(goose/Guangdong lineage) (5), has been linked to dis-
semination by migratory wild birds (6). A novel group B
HPAI H5NG6 virus (7) was detected in wild birds and com-
mercial poultry in the Netherlands in December 2017. On
December 6-7, 2017, meat ducks on a 16,400-duck farm
in the municipality of Biddinghuizen, the Netherlands, be-
gan dying at an exponentially increasing rate (Figure 1;
online Technical Appendix Figure 1, https://wwwnc.cdc.
gov/ElD/article/24/4/17-2124-Techappl.pdf). The duck
farm consisted of 2 barns, each housing =8,200 ducks.
One-day-old ducklings started production in barn 1 on No-
vember 9 and in barn 2 on December 7. Mean water in-
take of ducks in barn 1 dropped by 8.5% during December
4-5. Mean feed intake dropped by 4.3% during December
3-5. Recording ended on December 5. On December 7,
the clinical signs observed in barn 1, in addition to sudden
death, were watery diarrhea, conjunctivitis, and nervous
disorders. The following clinical signs were checked, but
absent: edema (of the neck, head, and eyes); cyanosis (in
the comb, wattle, and feet); hemorrhagic conjunctivae; and
respiratory problems. No clinical signs were observed in
the ducklings in barn 2.
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The Study

We collected swab samples from the trachea and cloaca
of clinically affected ducks for diagnostic testing. The
samples tested positive by real-time PCR on the matrix
gene (3) and H5-PCR (8), demonstrating notifiable avian
influenza A subtype H5 virus. We performed hemaggluti-
nin (HA) and neuraminidase (NA) sequence analysis (3),
which showed a HA cleavage site with polybasic proper-
ties PLREKRRKR*GLF, and subtyped the virus as HPAI
subtype H5N6 on December 8. The intravenous pathoge-
nicity index determined in 6-week-old chickens for the
novel H5N6 virus was 2.99, similar to that of the 2016
H5NS8 subtype, confirming the high pathogenicity of the
HS5NG6 subtype.

The farm was located in a water-rich area, densely
populated with wild waterbirds. Several mute swans (Cyg-
nus olor) and a tufted duck (Aythya fuligula) were found
dead in this area (online Technical Appendix Figure 1),
and tested positive for HPAI HSN6 on December 11.

Since 2013, HPAI H5N6 viruses have emerged in
poultry and caused sporadic infections in humans in Asia,
raising global concerns regarding their potential as human
pandemic threats. HSN6 viruses constitute >34 distinct
genotypes, of which 4 were detected in humans (9). To
genetically characterize the novel HSN6 subtype influ-
enza virus detected in the Netherlands, we sequenced the
full genome of the viruses found at the duck farm, and in
the 2 mute swans and the tufted duck (GISAID [http://
platform.gisaid.org] accession nos. EPI ISL 287907, EPI
ISL 288409, EPI ISL 288410, and EPI ISL 288412), as
described previously (4). Database searches (GISAID and
GenBank) showed that these viruses are highly similar to
the HPAI H5NS8 clade 2.3.4.4 viruses, which were detect-
ed previously in wild birds at the Russia—Mongolia bor-
der in May 2016 (10), for the gene segments polymerase
basic 1 (PB1), polymerase acidic (PA), HA, nucleopro-
tein (NP), matrix protein (MP), and nonstructural pro-
tein (NS) (Table). The polymerase basic 2 (PB2) and NA
segments shared sequence similarity with Eurasian low
pathogenicity avian influenza (LPAI) viruses. Moreover,
the N6 gene of the H5N6 viruses found in the Nether-
lands showed high homology to those detected in Greece
in February and in Japan and Taiwan in November—
December 2017.
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Figure 1. Daily mortality rate (% of ducks) in ~8,000 ducks in barn
1 of the case flock during outbreak of highly pathogenic avian
influenza A(H5N6) in the Netherlands, 2017. The farmer counted
the dead ducks every morning. During clinical inspection on the
last day, an additional number of dead ducks was counted (12 h
after the farmer’s morning count); the asterisk (*) indicates the
total number of dead ducks at the end of the day on December 7
(farmer count + clinical inspection count).

To study the origin of the HSN6 virus detected in the
Netherlands in December 2017, we performed a detailed
phylogenetic analysis for all gene segments individual-
ly (online Technical Appendix Figure 2). This analysis
shows that the novel HSN6 virus is genetically distinct
from human H5NG6 viruses found in China. The PB1, PA,
HA, NP, MP, and NS gene segments are closely related
to HPAI H5NS viruses detected in Europe in 2016 (on-
line Technical Appendix Figure 2, panels B-E, G, H). In
contrast, the PB2 and NA genes are most closely related
to Eurasian LPAI viruses (online Technical Appendix
Figure 2, panels A, F). Of note, the N6 segment of the
virus in the Netherlands is closely related to, but distinct
from, that of the H5N6 viruses detected in Greece, Ja-
pan, and Taiwan in 2017. Furthermore, the virus in the
Netherlands has PB2 and PA segments that are distinct
from those found in the viruses from Greece, Japan, and
Taiwan (Figure 2). These results indicate that HSN6 virus
in the Netherlands is a reassortant of the HPAI HSN8 sub-
type that obtained novel PB2 and NA segments.

To explain the emergence of the novel HSN6 virus,
we performed molecular dating using the Bayesian skyline
coalescent model in BEAST version 1.8 software (http://
beast.community/beast; online Technical Appendix Figure
3) and calculated the time to most recent common ances-
tor for the HA and NA gene segments (online Technical
Appendix Table 1). For the HS segment, the viruses in
the Netherlands, Greece, Taiwan, and Japan share a com-
mon ancestor with HPAI H5N8, which was dated in Janu-
ary—September 2016 (online Technical Appendix Figure
3, panel A [node 1]). For the N6 segment, the common
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Figure 2. Schematic representation of the HPAl H5N6 reassortant
virus detected in the Netherlands. Two variants of HPAI HSN8
were detected in 2016; they have different PA gene segments,
called PA | and PA Il. The novel virus evolved from H5N8 viruses
having a PA Il gene segment, but obtained both novel NA and
PB2 gene segments. The H5N6 viruses detected in Greece,
Japan, and Taiwan have evolved from H5N8 viruses that have

a PA 1 gene segment and have an N6 segment similar to the
virus detected in the Netherlands. HPAI, highly pathogenic avian
influenza; PB, polymerase basic; PA, polymerase acidic;

HA, hemagglutinin; NP, nucleoprotein; NA, neuraminidase; MP,
matrix protein; NS, nonstructural protein.

ancestor of the viruses in the Netherlands, Greece, Tai-
wan, and Japan was dated in December 2014—July 2016
(online Technical Appendix Figure 3, panel B [node 2]).
The novel H5N6 virus probably arose by reassortment of
HPAI H5N8 and descendants of LPAI A/barnacle goose/
Netherlands/2014 (node 1), sometime in 2015-2016. These
results suggest that the reassortment event that generated
the novel HPAI H5N6 virus probably did not occur within
the Netherlands in 2017.

Finally, we analyzed the genome of the novel H5N6
virus for potential zoonotic signatures associated with
increased human risk (online Technical Appendix Table
2). We found that the virus has a typical avian receptor
specificity and identified no sequence signatures associ-
ated with increased airborne transmission. In the MP and
NS genes, we identified mutations that were associated
with increased virulence, but similar mutations have
been found in other H5 clade 2.3.4.4 viruses. Our analy-
sis demonstrated that the virus may have reduced sen-
sitivity to treatment with the antiviral drug oseltamivir.
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Table 1. Genetic composition of the HPAI H5N6 virus isolated in the Netherlands, 2017*

Virus segment GISAID no.t Identity, % Origin

Polymerase basic 2
A/mallard duck/Netherlands/15/2011 (HENS8) EP1889820 97 European LPAI
A/Eurasian teal/Netherlands/1/2011 (H3N8) EPI1889410 97
A/mallard duck/Netherlands/20/2011 (H6N8) EP1889594 97
Algreater white-fronted goose/Netherlands/6/2011 (H6N8) EPI11010712 97

Polymerase basic 1
A/chicken/Kalmykia/2643/2016 (H5SN8) EP1909458 99 H5N8 HPAI 2016
A/gadwall/Kurgan/2442/2016 (H5N8) EPI1961447 99
A/T_Dk/NL-Werkendam/16014159-001/2016 (H5N5) EPI1117251 98
A/T_Dk/NL-Zeewolde/16013976-005/2016 (A/H5N8 EPI11019844 98

Polymerase
A/T_Dk/NL-Monnickendam/16013865—-006—-008/2016 (H5N8) EPI1019770 99 H5N8 HPAI 2016
A/magpie/NL-Volendam/16014331-002/2016 (HSN8) EPI11019722 99
AJL-bl-ba-gull/NL-Sovon/16014324-014/2016 (H5N8) EPI1019706 99
A/G_c_grebe/NL-Monnickendam/16013865-009-010/2016 (H5N8) EPI1019650 99

Hemagglutinin
A/Eur_Wig/NL-Zoeterwoude/16015702—-010/2016 (H5N8) EPI11019638 99 H5N8 HPAI 2016
A/Eur_Wig/NL-Reeuwijk/16015903-003/2016 (H5N8) EPI1019590 99
A/Eur_Wig/NL-Leidschendam/16015697—-007/2016 (H5N8) EPI1019582 99
A/Eur_Wig/NL-Gouda/16015824-001/2016 (H5N8) EPI1019550 99

Nucleoprotein
A/gadwall/Kurgan/2442/2016 (H5N8) EPI1961450 99 H5N8 HPAI 2016
A/wild duck/Tatarstan/3059/2016 (H5N8) EPI1909453 99
A/T_Dk/NL-Werkendam/16014159-001/2016 (H5N5) EPI11117254 99
A/mute swan/Kaliningrad/132/2017 (H5N8) EP11044548 99

Neuraminidase
Alchicken/Greece/39_2017b/2017 (H5N6) EPI11122895 98 H5N6 HPAI 2017
A/spoonbill/Taiwan/DB645/2017 (H5NG) EPI1119073 97
A/barnacle goose/Netherlands/2/2014 (H3N6) EPI11011098 97 European LPAI
A/mute swan/Shimane/3211A001/2017 (H5N6) LC335983 97

Matrix protein
A/mulard_duck/Hungary/59163/2016 (H5N8) EPI11032553 99 H5N8 HPAI 2016
A/mulard_duck/Hungary/62902/2016 (H5N8) EPI11032527 99
A/mulard_duck/Hungary/60369/2016 (H5N8) EPI1032519 99
A/goose/Hungary/59763/2016 (H5N8) EPI1032511 99

Nonstructural protein
A/duck/Hungary/60441/2016 (H5N8) EPI1866979 99 H5N8 HPAI 2016
A/goose/ltaly/17VIR6358-3/2017 (H5N8) EPI11081973 99
Al/swan/Italy/17VIR7064-1/2017 (H5N8) EP11081921 99
A/mulard duck/Hungary/59163/2016 (H5N8) EPI1032556 99

*HPAI, highly pathogenic avian influenza; LPAI, low pathogenicity avian influenza.

TFrom GISAID EpiFlu database (http://platform.gisaid.org).

Conclusions

A novel reassortant HPAI H5NG6 virus affected wild birds
and commercial poultry in the Netherlands in December
2017. Phylogenetic analysis demonstrated that the virus is
related to the HPAI H5N8 clade 2.3.4.4 viruses but con-
tains novel PB2 and NA segments derived from Eurasian
LPAI viruses. The N6 gene segment is related to that of
HPAI H5NG6 viruses found in Greece, Japan, and Taiwan,
for which a common ancestor was estimated around No-
vember 2015. In addition, the H5N6 virus in the Neth-
erlands differs from that in Greece by the PA and PB2
gene segments. This suggests that the HSN6 virus in the
Netherlands did not result from continued circulation of
the virus in Greece (or Europe) that was detected in Feb-
ruary 2017 but likely represents a separate introduction
related to wild bird migration in fall 2017. The reassort-
ment events may have occurred on breeding grounds in
Siberia, where large numbers of wild birds congregate,
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and the virus may have spread by long-distance flights of
infected migratory birds (6).

Phylogenetic analysis demonstrated that the virus is not
related to the zoonotic Asian HSNG6 strains that cause infec-
tions in humans. Furthermore, genetic analysis identified no
sequence features related to increased human risk. There are
no indications that mammals (such as humans) can be in-
fected by the novel reassortant HPAI HSNG6 viruses detected
in the Netherlands, Greece, Japan, and Taiwan. We recom-
mend further studies in mammals (ferrets or mice) to provide
experimental data on the virulence for mammals.
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Technical Appendix

Technical Appendix Table 1. Calculated time to the most recent common ancestor for selected segments of avian influenza
(H5N®) virus with 95% credible interval and posterior value*

95% HPD Posterior
Segment Nodet tMRCA Earliest date Latest date value
NA 1 2013 Sep 07 2012 Jun 04 2014 Oct 01 0.9965
2 2015 Nov 17 2014 Dec 10 2016 Jul 14 0.9989
3 2016 May 24 2015 Aug 16 2016 Nov 23 0.9868
4 2017 Oct 16 2017 Jul 07 2017 Dec 06 0.9988
HA 1 2016 Jun 01 2016 Jan 15 2016 Sep 24 0.9994
2 2016 Jun 22 2016 Feb 20 2016 Oct 07 0.2298
3 2016 Oct 08 2016 Jul 19 2016 Nov 22 0.9997
4 2017 Jul 26 2017 Feb 26 2017 Oct 31 0.9950
5 2017 Sep 14 2017 Jun 04 2017 Nov 20 0.9994

*HPD, highest posterior density interval; tMRCA, time to most recent common ancestor (median).
1tNodes of the time-scaled phylogenetic tree.

Technical Appendix Table 2. Analysis of sequence features in influenza viruses associated with increased human risk*

Protein Position Present Increased

PB2 D256G No Replication
Q591K No Replication
E627K No Virulence
D701N No Replication
S714R No Replication

PB1t V3A No Virulence
H99Y No Airborne transmission
K207R No Virulence
N328K No Virulence
1368V No Airborne transmission
N375S No Virulence

PA T85I No Replication
T971 No Virulence
G186M No Replication
L336S No Replication
S409N No Human transmission
K615N No Replication
G631S No Virulence

H5 Various residues No Binding to a2—6
119Y, 172A, 238L, 240S No Airborne transmission
450K, 459K, 403I No Acid stability

NP R99K No Airborne transmission
N319K No Replication
S345N No Airborne transmission
Q357K No Virulence

N6 V116A No Resistance to oseltamivir, zanamivir
E119V No Resistance to oseltamivir, zanamivir
Q136K No Resistance to zanamivir
D199N Yes Resistance to oseltamivir
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Protein Position Present Increased

H275Y No Resistance to oseltamivir, zanamivir
M1 N30D Yest Virulence

T139A No Virulence

Y215A Yest Virulence
NS1 P42S Yest Virulence

D92E No Virulence

L103F Yest Virulence

1106M Yest Virulence

80—-84 No Virulence

*PB, polymerase basic; PA, polymerase; HA, hemagglutinin; NA, neuraminidase; M, matrix; NP, nucleoprotein, NS,
nonstructural protein.

1PB1-F2 truncation amino acids 12—-90

FSequence features of H5 Clade 2.3.4.4 viruses

A Commercial poultry

0 25 50 75 1C
¥ ke 28w I00km ® Wild birds

Technical Appendix Figure 1. Map of the Netherlands, showing locations of the duck farm (red) and the
dead wild birds infected with HPAI H5N6 (blue).
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EPI_ISL_288409_A/M_Swan/NL Hulshorst17017367-01272017_HSN6_PB2
EPI_ISL_268410_A/M_swan/NL Elburg/17017377-001/72017_HSN6_PB2
EPI_ISL_171721_AC 15_HTNT_PB2
94~ LC335980.1.A/M_swan/Shimane/3211A001/2017.-H5N6_PB2
100 EPI_ISL_287800_A/spoonbill/Taiwan/DB645/2017_HSNG_PB2
T i EPI_ISL_288364_A/Ch/Greece/39_2017b72017_H5NG_PB2
EPI_ISL_253037_A/Ch/Wales/000023/2016_H5NG_PB2
EPI_ISL_250231_A/gadwall/C _HENG_PB2
& EPI_ISL_179386_A/Dk/Quang_Ninh/19c511/2013_H5NB_PB2
EPI_ISL_151927_A/w waterfow/Dongting/C2383/2012_H1N2_PB2
EPI_ISL_209135_A/Dk/Mongolia/996/2015_H3N8_PE2
EPY_ISL_199072_A/Dik’Hunan/02 07_YYFQH032-0/2015_HSNG_PB2
EPY_ISL_198754_AD 12.17_YYFQH012-0/2014_HEN6_PB2
0 R | (orth-American LPAI 5 viruses
—_—
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EPLISL_179635 1126/2014_HSNG_PB1

EPIISL_243345 4 | HENG_PB1

12872014 _HSNG_PB1

EPI_ISL_205138 4

EPLISL_257657_APavo_¢ _HSN6_PB1
EPL_ISL_278040_A/paregrine_alconHK/4955/2015_HSNG_PB1
€PI_ISL_208838 4 < {_HSN6_PB1
EPI_ISL_253049 4 _H56_PB1
EPL_ISL_196572_AEnviJiangsuWX175/2013_H5N6_PB1
# EPIISL_204517 4 5A57/2015_HSNG_PB1
% EPI_ISL_255865_AM _H5NG_PB1
EPIISL_173146 4 4172013 _HSN6_PB1
» EPLISL_167767_4  H5NG_PB1
,—l EPLISL_17770, 2014_HSN6_PB1
L EPIISL_24750_ _HS5_PB1
M | EPIISL_255852_4 _HENG_PB1
EPIISL_200270 4 063 _HSM6_PB1
_I EP_ISL_256213. ;_H5MG_PB1
100 T EP1_ISL_198695 15,1 ;_HSNG_PB1
9 1 EPI_ISL_206677_/ ;_H5N6_PB1
ISL_205503 . PB1
L] EPI_ISL_207048 . HSNG_PB1
EPLISL_138952 A7 _H5NG_PB1
EPI_ISL_198590_ 12 05_NCOZT007/2014_HENG_PB1
EPL_ISL_278041_A/Or_magple_robinHK/615472015_HSNG_PB1
100 €pl 1708 018 _HSN6_PB1
o Tt EPI_ISL_257449_A/CH/Chibal1-1C/2017_H5N6_PB1
100 |_ISL_253946_A/Ch/Japan/AQ HE144/2015_H5N6_PB1
EP_ISL_240703 _H5MG_PB1
— 78 1ISL_266819 _HSM6_PB1
7 EPI_ISL_139363 4 _HSMS_PB1
ll;u‘_‘ EPI_ISL_219877_ ;_HSNS_PB1
100 EPLISL_152087_4  HSM5_PB1
EPLISL_244527 4 5_Hs6_PB1
Ll 100/ EPI_ISL_171695_/ |_H5NS_PB1
% EPI_ISL_208830_A/Go/Eastem_ChinalL 1214/2012_HSNG_PB1
EPIISL_20862 4 \ ChinaAL 1021/2012_HENB_PB1
] EPI_ISL_150054 , HSN6_PB1
100 EPI_ISL 255174 4 5_HSNg_PB1
— EPI_ISL_256301_ 5_HSNS_PB1
" EPI_ISL_2088324 ¢ }_HSNS_PB1
EPI_ISL_219885 4 _H5NS_PB1
% 11SL_199260. 2 ;_HS6_PB1
EPL_ISL_200275 4 _HSN6_PB1
EPIISL_219829 {_HSNB_PB1
% 99 EPL_ISL_139386_/ )_HEN5_PB1
£ EPIISL_200238 4 14_NCIDO4-P12015_HEN6_PB1
LISL_219874 _HoNG_PB1
EPIISL_208841 4 |_HSNS_PB1
» _r'l 1_ISL_219790_4 _HENG_PB1
EPLISL_259525 _HSM
- EPIISL_230620_Algreat_crested_grebaTyva/3412016_HSNS_PB1
EPLISL 231684 AW_DKTyva/35/2016_H5NS_PB1
100 EPI_ISL_267136_A/GH-Wi_teal/Egypt/377/2016_HSN8_PB1
EPI_ISL_287907_A/DKINL_Biddinghuizen/17017237.00100572017-H5N6_PB1
EPI_ISL_283410_A/M_swan/NL-Elburg/17017377.0012017_H5N6_PB1
1001 £p)_1SL_288409_A/M_Swon/NL-Hulshorsy17017367.01272017_HSNG_PB1
EP1_ISL_283412_ATT-OKNL HulshorsU17017367.00772017_HSNG_PB1
EPLISL_237944_Aftuked_DK/Germany/ARBA4-L01987/2016_HENS_PB1
EP|_ISL_288364_A/Ch/Groace/39_2017b2017_HSN6_PB1
EPI_ISL_287564_AT_DKNL Werkendany/16014159-0012016_HSNS-PB1
EP1_ISL_247724_Alwild_Di/Tatarstan/305972016_HSNE-PB1
EPI_ISL_247725_AICNKalmykia/2643:2016_HSN8-PB1
EPI_ISL_256298_AlgadwallKurgan/2442/2016_HSNG-PB1
EP1_ISL_287800_AlspoonbillTaiwan/DB§4572017_H5NG_PB1
100/ LC335981.1.A/M_swan/Shimane/3211A001/2017-H5N6_PB1
100, EPIISL_5884_ ATy }_H5NB_PB1
L] EPI_ISL_130353 4 ) HS5_PB1
EPLISL_1106, 1984_HENG_PB1
mu N o1t American LPAIH5 viruses
—_—
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EPHISL 200259 15 HSNG PA
afl errisL uais S
EP1ISL 257657 P

EPIISL 200260

EPIISL 208833 i P

EPIISL 199085 % PA
981 EP115L 219828 A/Guangdong/99710/2014 HENG PA
EPIISL 240612 -1C2C72016 HSNG PA
EPIISL 219787 15NG PA

EP1ISL 266600 A/EnviGuangdong/F3/2015 HSNG PA

EPIISL 266819 PA

85
EP1ISL 199250 2 HSNG P
%) EP11SL 278025 P

EPisL 23964 HENG PA
EPIISL 255752 HSNG PA
— EPIISL 262395 PA
EPUISL 161973 ST S A
EPIISL277041 HENG PA
EPIISL 198410 16 JNRe-572014 HENG PA
EPIISL 219783 HeNG PA
EP1ISL 200284 1y HENG PA

EPIISL 200261 7 YYGKY6T-P/2013 HSNG PA
EPIISL 204517

EP1ISL 256859 HSNG PA

EPIISL 173146 4172013 HSNG PA

100 EPIISL 244487 2272015 H5NG PA

EP11SL 208835 ADK/Easter China/50215/2014 HSNS PA

EPIISL 130353 HENS PA

EPIISL 208828 ADK/Eastern China/L 1021/2012 H5NS PA

[ ePvisL 10003 oA

‘—hi EPIISL 152087 A/Di/Guangdong/wy24/2008 H5NS PA
EP11SL 219885 HENG PA

EP1ISL 201799 ADK/Guangdong/s 14044/2014 HSNE PA
700 EPIISL 203751 HSNG PA
7 EP11SL 208839 HaNG PA

EPIISL 200242 5046 P

100 EPIISL 231685 ®
EPIISL 247403 AIC/Sagal1-TT/2017 HNG PA

EP1ISL 237554 Apai HSNG P/

EPIISL 267564 AT D/NL-Werkendam/16014159-001/2016 HSNS PA

EP1ISL 200272 01 NCDZT0304-0/2015 H5NG PA

EPIISL 173386 PA

100,

EPIISL 199305 PI2015 HENG PA
EPIISL 24750 HENS PA
EPIISL 240617 AM HaNG PA

EPIISL 244527

16 SZLGWLShui9/2015 HSNG PA

HSNG PA

EP11SL 234400 HSNG P

EPIISL 200275 15N6 PA
EPIISL 94329 P

100 [— EPI 1SL 287800 Alspoonbill/Taiwan/DB645/2017 HSNE PA

1C225982.1 HSNG PA

EPI ISL 288364 A/Ch/Greece/39 2017b/2017 HSN6 PA

EPIISL 243687 HSNG PA

EP1ISL 288410 A/M swan/NL Elburg/17017377.001/2017 HSNG PA
EP1ISL 288412 A/T.DKNL Hulshorsy17017367.007/2017 HSNS PA

EP1 ISL 287907 A/DK/NL Biddinghuizen/17017237.001005/2017 HSNG PA
EPI ISL 288409 A/ Swan/NL HulshorstU17017367.012/2017 HSNG PA

00| Epiist 268854 00901072016 HSNB.PA

EP1 1SL 268661 A/L-bl-ba-gullNL-Sovon/16014324-014/2016 HSNB-PA
EP1ISL 268663 AMagpie/NL-Volendam/16014331.002/2016 HSNS-PA
EPIISL 268669 A/T DiNL P
EPIISL 274858 Almute swan/Kaliningrad/132/2017 HSN8 PA

EP1ISL 203752 HSNS PA
EPIISL 256213 H5NG PA

EPIISL 244534 P

EPIISL 199010 i HSNG PA
EPIISL 200279 ADKHunan/03.09 YYFQHO036-P/2015 HSNG PA

EPIISL 200283 HSNG PA

EPIISL 221885 A/C .16 SZL HSNG PA

EPIISL 207048 HSNG PA

EPIISL 221719 0
EP1ISL 278205 AlcatZhejang/C2/2016 HSNG PA
EPIISL 244533 A/CI H5N6 PA
100 EPIISL 200838 HNG PA
EP1ISL 240703 I

EPIISL 200257 27 P/ I5N6 PA

—d—”{

EPIISL 200238 14 NCJDO34-P/2015 HSNG PA

EPIISL 200240 2 HSNG PA

m—n{ EPIISL 195408 12015 HSNG PA

EPI1SL 5884

v 983 HSNg PA
EPIISL 1108 1984 HSNG PA

0o

Y . mericen LPAI H viruses
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EPIISL 247398 AICh/Saga/1-4T/2017 HSNG HA
99 [L— EPIISL 242407 AIC/Gifu/1-2T/2017 HSN6 HA
EPIISL 257449 ACCH/Chiba/1-1C/2017 HSNG HA

EPI ISL 221721 Alfeline/Guangdong/2/2015 HSNG HA
221391

EPIISL
EPIISL 219787,
EPIISL 257657
EPIISL 244525 AIDKHubeI/ZYSYF2472015 HSN6 HA

EPIISL 277041

253849,

L epiisi2aert
ISL 244531 HA
EPIISL 221719 o1

_LI— EPI ISL 206036 AShenzhen/172016 HSNG HA

99, EPI ISL 205316 AV/EnviShenzhen/3/2015 HSN6 HA
EPIISL 199271
EPIISL 199444
EPIISL 199384
EPIISL 273350 BM3352015 Hi
PR
99 L—— EPI ISL 200281 A/Env/Yunnan/03.15 DAWGH008-2/2015 HSN6 HA.
EPIISL 205120 ADk/Wuhan/JXYFB22/2015 HSNG HA
EPIISL 253946 H5NG HA

98
EPIISL 205121

[ EPIISL2M4S2B ADKHUbEIZYSYGIBZOIS HSNG HA
)

EPIISL 219874 HSNG HA
EPIISL 174393 Abroler DkKorealH 186412014 HSN8 HA
o EPI ISL 199146 AChMiyazaki’2-4/2014 HSN8 HA
EPI ISL 172815 Afbis/Germany-MV/RA4/2015 HSNS HA
EPHISL 23
EPIISL 202763 NEWIGZ752014 HSNG HA
EPIISL 205065
EPIISL 219701
ol | 1SL.200279 Yvi HSNG HA

* [ EPIISL219824 AENXinjang 00324201 HSNG HA

EPIISL 130385 ADKUiangsuk1203/2010 HNE HA

EPIISL 196562 AIGoliangsulWX20272014 HSNS HA
PIISL 2051 14 HSNG HA

EPIISL 270358

9% P s
9. It
EPIISL 195769 A/Env/Guangdong/GZ55/2013 HSNS HA

o EPIISL 260058 HSNSHA
,_(——EP] 1SL 256301 A/Env/iKamchatka/18/2016 HSNS HA
% EPI ISL 240678 ” i HA
9|| 84~ EPIISL 249691 /R10048/2016 HSNS HA
EPIISL 288364 AICH/Greece/39 2017b/2017 HSNG HA
99, LC335983. HA
L EPI ISL 287800 Alspoonbill/Taiwan/DBE45/2017 HSNG HA
EPI1SL 268645 A/Eur Wig/NL-Le 16015697-007/2016 HSNS-HA

EPIISL 268641 A/Eur Wig/NL-Gouda/16015824-001/2016 HSN8-HA
EPIISL
EPIISL

EPIISL 288412 AIT-DI/NL-Hulshorst/17017367-007/2017 HSNG HA
7

72

EPIISL 152085 AIDK/Guangdonghwy 1172008 HSNS HA

& 152087,
EPIISL 139386 A/QuiJiangsuk010472010 HSNS HA

EPIISL 139384 10312010 HSNS HA
® EPIISL 139383 A/Go/Shandong/k1204/2009 HSNS HA
EPIISL HSNS HA

EPI ISL 287907 AIDK/NL Biddinghuizen/17017237-001005/2017-HSNG HA

EPI ISL 288409 A/M Swan/NL-Hulshorst/7017367-012/2017 HSNG HA

Group Cviruses

GroupAviruses

Group Dviruses

GroupBviruses

EPIISL 288410 A/M swan/NL-Elburg/17017377-001/2017 HSNG HA

EPIISL 20027
EPIISL 255890

EPIISL 4670

1HSNS HA
| EPIISL
L il
EPIISL
EPIISL 5884
EPIISL 1 HSNG HA

s N N. American LPAIH5 viruses
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EPI ISL 196572 A/Env/JiangsuWX175/2013 HSNG NP
EPIISL 177762 Alswan Go/Jiin/JLO1/2014 HSNG NP

99, EP1ISL 201799
81 EPVISL 167178,
EP1ISL 166584 HSNE NP
EP1ISL 157608 Has P
196592 HSNG NP,
£l EP1ISL 203752 G erkirrriy
1 EPIISL 152087 HSNS NP
EPIISL 139386 HSNS NP
ol EPI1SL 139383
8

EPI ISL 198987
EPIISL 262395

EPIISL 163493 A/Sichuan/26221/2014 H5NG NP
ADJiangxi/05.07 NCJDOOS1A-P/2015 HENG NP
N

EPIISL 173146 ADKVietnamLBIM360c14-1/2013 HSN6 NP
EPIISL 199063

EPIISL 240612 A/Ch/Hokkaido/1-1C2C/2016 HSNG NP
6 N

EPY ISL 223364 AIChWuxi/SC7393/2015 HSNG NP
EP1ISL 200257 ADK/Guangdong/03 27 DGATSII21-P/2015 HSNG NP

09 V772015 HSNG NP
16 SZLGKQHY.072/2015 H5N6 NP

SL 221885 A/C

EPIISL 130353 WP
100

EPIISL 244537

EP1ISL 206677 AEmYunngYN25/2015 HSN6 NP
EPI_ISL_256213_A/Hubei/ 29578/2016_HSN6_NP

[
EPI ISL 199011 AIChHubei/03.06 WHWTZ0115.0/2015 H5N6 NP

H5NG NP

100
EPIISL

HSNG NP

EPIISL 208833
EPIISL 255746,
EPIISL NG P
EP ISL 219885 A/Go/Taiwan/01003/2015 H5N8 NP
EPIISL 200238 A/DiJiangxi01.14 NCJDO34-P/2015 HSNG NP
EPIISL 219874 NS NP
EPIISL 231685 Ablack-headed quilTyva/41/2016 HSNS NP
256462 H5N5 NP

EPIISL 240110,
EPIISL 254745
237554

HSNG NP
3

e

EPI1SL 234400,

EPIISL 179386
EP1ISL 200277

EPIISL 243050
9525

100 - EP1 ISL 259 HSNS NP
—{ " epiisL 243049 NS NP
100 EPI ISL 249631 A/ChGarmany-BB/R23412017 HSNE NP
EPIISL 240012 A'Dk/France/161108h/2016 HSNS NP
335984.1
EPI ISL 287800 AlspoonbillTalwan/DBE4572017 HSN6 NP

hiGreece/39 2017672017 HSN6 NP

EPI ISL 274858 AM swan/Kaliningrad/132/2017 HSNS-NP
EPI ISL 287564 A/T DIUNL-Werkendam/16014159.001/2016 HSNS-NP.
86 116 HSNS-NP

HSNE NP

[
EP1ISL 247724 Awild Di/Tatarstan/3059/2016 HSN
EP1 ISL 288410 A/ swan/NL-Elburg/17017377-00172017 HSNG NP
EP ISL 288412 AIT.OWNL Hulshorst17017367.007/2017 H5N6 NP

99| EPI ISL 288409 A/M Swan/NL Hulshorsy17017367-01272017 H5NG NP
EP1ISL 287907 AID/NL Biddinghuizen/17017237.001005/2017-H5N6 NP

] —— S
iy =
e ' < (PAHS iuses

100
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ISL 207048
200832 AEMYunnan/07.11 DQXY20/2015 HSNG NP



EPIISL 216914 A/Dk/Guizhou/013/2014 HENG NA
70 EPIISL 21983 HBN6 N
EPIISL 252834 ADI
EPIISL 220502 A/C}

— EPI ISL 113765 A/DK/Fujian/6955/2006 HENG NA
EPIISL 273060 NA
EPIISL 179432 A/DK/Yamagata/061004/2014 HGN6 NA
= EPIISL 219832 i HBNB N

EPIISL 205119 YHQL22/2014 HSNG NA
EPIISL 2!
EPIISL 279513 A/Mus Dk/Vietnam/LBM811/2015 HEN6 NA
EPIISL 146883 A/Dk/Guangxi/GXd-7/2011 HENS NA

EPI ISL 158814 AIDk/Vietnam/LBMS533/2013 H3N6 NA
EPIISL 112494 A/DI H6NG NA

EPIISL 146881 A/Dk/Guangxi/GXd-4/2009 HENG NA
100 —‘ [:Epn SL 21 gsh
EPI1SL 273051 A/DI i HBN6 NA

EPI ISL 99582 A/Dk/Eastern China/13/2010 HEN6 NA
EPI ISL 179385 A/DI H3N6 NA
EPI ISL 89164 A/swine/Guangdong/K6/2010 HENG NA
99 - EPIISL 221391 A/Env/Guangdong/GZ670/2015 H5SNG NA
EPI ISL 240531 A/Ch/Niigata/1-4C/2016 HSN6 NA
EPI ISL 240704 A/Guangxi/55726/2016 HSN6 NA
r: EPI ISL 255702 A/Dk/Hunan/HN230/2015 HSN6 NA
EPIISL 255754 H5NG NA
EPI ISL 231527 A/Dk/Vietnam/LBM824/2015 HSNE NA
EPI ISL 207051 A/Shenzhen/TH002/2016 HSN6 NA

81 EPIISL 255888 H5NG NA
EPI ISL 30673 A/DI i H4NG NA
EPIISL 76652 A/DI OIE- NA
EPIISL 13948 PM38/2005 H3NG NA
85 EPI ISL 71340 A/DK/Ji N

EPIISL 15257 A/Dk/Eastern China/376/2004 HANG NA
EPI ISL 3261 A/Dk/Taiwan/10-2/00 HAN6 NA
EPI ISL 3162 A/Dk/Nanchang/8-174/2000 H3N6 NA
EPI ISL 76440 AMall. il HENG NA
EPI ISL 170528 A/swine/Kazakhstan/106/1985 H3N6 NA
EPIISL 71938 A/Dk/Taiwan/0648/2006 HANG NA
EPI ISL 64901 A/Mal/Yan chen/2005 HANG NA
EPIISL 68033 iberi: H4NGE NA
EPIISL 158211 A/Mal/Sweden/3272/2003 HANG NA

EPIISL 235197 A/CH HANSNA
EPI ISL 98864 A/Mal/Germany/1240/2007 HANG NA
EPI ISL 325 i i 1977 HAN6 NA
EPI ISL 138847 A/Dom Gr-Wi teal/Hunan/2036/2007 H3N6 NA
-{:‘ EPI ISL 93953 A/IDk/Korea/U10-2/2007 H3NG NA
Tl EPIISL 168478
9 EPI ISL 70634 A/Mus Di/Fujian/FZ01/2008 HENG NA
o EPIISL 177449 i g"
L EPIISL 244613 A/Dk/Shanghai/421-2/2009 HAN6 NA
EPI ISL 73365 A/Mal/NL/1/1999 HANG NA

[— EPI ISL 73371 A/Mal/NL/5/2001 H3N6 NA

100 EPIISL 158327
L‘—'j EPI ISL 16390 A/Mal/Germany/Wv1806-09k/03 HANG NA
98 EPI ISL 73377 A/Mal/Sweden/41/2002 H1ON6 NA|

100 EPIISL 149880 NA
EPI ISL 89178 AW Dk/Taiwan/WB306/2002 HANG NA
EPI ISL 252832 A/Dk/Ganzhou/GZ5/2015 HANG NA/
EPI ISL 267342 A/Mal DK/NL/2/2013 H3N6 NA
EPI ISL 243397 AMal Dk/NL/27/2009 HANG NA
EPI ISL 131204 A/Di/Korea/DY104/2007 H4N6 NA

EPIISL 209131 H4NE NA
EPI ISL 273207 A/Dk/Moscow/4643/2011 HANG NA
EPIISL 209114 ADk/Mongolia/118/2015 HANG NA
EPI ISL 243498 A/Mal Dk/NL/2672010 H4N6 NA

EPIISL 119471 VOIE-3071/2011 H4NG NA
EPIISL 121436 ADKVietnam/OIE-0155/2012 HANG NA
EPIISL 133659 OlE.

EPIISL 134306 ADK/Vietnam/OIE-3223/2011 HANG NA
EPIISL 133706 A/Dk/Jiangsw/4/2010 H3NG NA
EPIISL 165807 A/D 1784/2010 HANS NA
EPI ISL 209133 ADI HANG N
EPIISL 243663 A/Mal Dk/NL/30/2014 H4NS NA
99 ~ EPIISL 273208 A/Dk/Moscow/4852/2011 HANG-NA
EPI ISL 273209 A/Dk/Moscow/4781/2012 HANG-NA
EPI ISL 243664 A/Mal Dk/Netherlands/19/2012 HANG-NA
EPIISL 267243 A/bamacle goose/NL/2/2014 H3N6 NA
99~ EPI ISL 287800 A/spoonbill/Taiwan/DB645/2017 H5N6 NA
LC335985.1-A/M swan/Shimane/3211A001/2017-H5N6 NA
EPIISL 288364 A/Ch/Greece/39 2017b/2017 HSN6 NA
EPIISL 288409 A/M Swan/NL-Hulshorst/17017367-012/2017 H5NG NA
EPI ISL 287907 A/DK/NL Biddinghuizen/17017237-001005/2017-H5N6 NA
100 | EPI ISL 288410 A/M swan/NL-Elburg/17017377-001/2017 HSN6 NA
EPIISL 288412 AIT-DK/NL-Hulshorst/17017367-007/2017 HSN6 NA

EPIISL 1108 A'D} 4/1984 HSN6 NA

EPIISL 8928 A/Dk/Hong Kong/365/1978 HANG NA
95 EEPI ISL 3213 A/Dk/Hong Kong/147/77 HON6 NA
97 EPI ISL 8927 A/DK/HK/231/1977 H3NG NA

{— EPI ISL 132844 A/Dk/Czech Republic/1956 HANG NA

EPIISL 80217 Al H1INE NA

H1

T EPIISL 131205 i H4NG NA

L EPIISL 594 1331/1981 H1ONG NA
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EPI ISL 240531 A/Ch/Niigata/1-4C/2016 H5NG MP
EPIISL 247396 A/Ch/Saga/1-2T/2017 H5NG MP
EPIISL 239424 AMus Dk/Aomori/1-10C/2016 HSNG MP
EPI ISL 242407 A/Ch/Gifu/1-2T/2017 HSNG MP
EP!ISL 199052 A/Dk/Hunan/02.07 YYFQH015-P/2015 H5NG MP
EPI ISL 266600 A/Env/Guangdong/F3/2015 H5N6 MP
EPI ISL 266819

6 HSNG MP
EPI ISL 243344 AW pigeon/Jilin/CC01/2014 HSNG MP
EPIISL 173146 A/Dk/Vietnam/LBM360c1-4-1/2013 H5SN6 MP

EPIISL 199011 A/Ch/Hubei/03.06 WHWTZ0115-0/2015 H5N6 MP

7%

EPIISL 205121 A/Dk/Taizhow/TZYG12/2015 HSN6 MP
100 EPIISL 198874 A/DI 27 NBXJ713/2014 H5N6 MP
9 EPI ISL 200287 A/Dk/Hunan/04.14 YYGK067-0/2015 H5N6 MP
EPIISL 130353 A/Di/HuBei/03/2010 H5N5 MP

L] 93 EPIISL 195769 3 HSNS MP

L EPIISL 201799 H5NS MP

EPIISL 94330 Chi H5N5 MP
EPIISL 219885 HSN8 MP
EPIISL 200257 27 DGQTSJ121. ( ) HSNG MP
— o

EPIISL 5884 AlTy/Ireland/1378/1983 HSN8 MP
EPIISL 1108 ADDI

16-4/1984 H5NG MP

EPIISL 224752 A/Great Black-headed Gull/Qinghai/YO1-8/2016 H5NS MP

_|_

EPIISL 267136 A/GR-Wi teal/Egypt/877/2016 H5NS MP
100

gg LC335986.1-A/M swan/Shimane/3211A001/2017-H5NG MP

EPI ISL 287800 A/spoonbill/Taiwan/DB645/2017 H5N6 MP
EPIISL 253037 A/Ch/Wales/000023/2016 H5NS MP

EPIISL 275287

7 HSNS MP
EPI ISL 288364 A/Ch/Greece/39 2017b/2017 H5N6 MP

— EPI ISL 237966 A/Dk/Hungary/55191/2016 H5N8 MP

— EPI ISL 255211 A/Ha hawk/Hungary/27620/2017 HSN8 MP
[—— EPIISL 249682 A/Dom Go/Germany-BY/R677/2017 H5N§ MP
|—— EPI ISL 255937 A/Pheasant/Hungary/7685/2017 H5N§ MP

EPI ISL 288412 A/T-DWNL-Hulshorst/17017367-007/2017 H5N6 MP
EPIISL 288409 A/M Swan/NL-Hulshorst/17017367-012/2017 H5N6 MP
L EPI ISL 288410 A/M swan/NL-Elburg/17017377.001/2017 H5N6 MP

EPI ISL 287907 A/DK/NL Biddinghuizen/17017237.001005/2017.H5N6 MP
EPIISL 234400 A/Mal/Poland/266/2010 H5N6 MP

EPIISL 179386 A/Dk/Quang Ninh/19¢511/2013 HSN8 MP

0 SRR . American LPAI H5 viruses
EPIISL 199006 o7 HENG MP
84 EPI ISL 244537 A/Ch H5NG MP
1% EPIISL 244534 A/Ch/Taishun/TS2/2016 H5NG MP
EPI ISL 200281 .15 2/2015 H5N6 MP
EP1ISL 221885 A/CI

10.16 SZLGKQHY-072/2015 H5NG MP
HSN6 MP
EPIISL 198992 A/EnviJiangxi/05.07 NCJD0070C/2015 HSNG MP

EPIISL 244533

Page 9 of 12



EPIISL 240607 AM swan/Kyoto/dT/2016 HSNG NS
EPIISL 233427 A/Ch/Niigata/2-5C/2016 H5NG NS

EPI ISL 243673 A/Ch/Miyazaki/2-2C/2017 HSN6 NS
of [/ EP1ISL 243683 A/ChMiyazakir2-1C/2017 HENG NS
EPI ISL 255822 A/Go/Anhui/AH350/2015 H5N6 NS

EPI ISL 278031 A/Qu/Zhanjiang/16887/2016 H5NG NS
EP1ISL 255830 A/Go/Hunan/116/2014 HSNG NS

EPI ISL 255870 AMus/DK/Hunan/93/2014 HSN6 NS
EPIISL 255828 A/GoHunan/111/2014 HSNG NS

EPIISL 199009 07 NCJD0093C/2015 HSNG NS
EPIISL 199072 ADK/Hunan/02 07 YYFQH032-0/2015 HSNG NS
EPI ISL 198987 A/Dk/Jiangxi/05.07 NCJDO061A-P/2015 H5NE NS

EPIISL 219824 AEmXinjiang/00324/2014 HSNG NS
EP1ISL 255850 152015 HSNG NS
EPIISL 173146 ADK/Vietnam/LBM360c1-4-12013 HSNG NS
EPIISL 200275 06
EP1ISL 24750 ADkHunnan70/2004 HSNS NS
EPIISL 130354 ADK/HuBei/03/2010 HSNS NS
EPIISL 139385 10
EPI ISL 152087 AIDk/Guangdong/wy24/2008 HSNS NS
EPIISL 139386 AXQuiiangswk0104/2010 HSNS NS
EPIISL 139384 A/Go/Guangdong/k01032010 HSNS NS
EPIISL 139383 A/Go/Shandong/k1204/2009 HSNS NS
EP1 ISL 94329 ADK/Eastem China/008/2008 HSN5 NS
EPI ISL 255389 A/CI
EPIISL 200260 16 SZLGWL HSNG NS
EPI ISL 169351 ATTy/Germany-NUR3372/2014 HSN8 NS
”93 EPIISL 199148 A/Ch/Okayama/1-2/2015 H5NB NS
EPIISL 181081 AMalKoreaKU3-2/2015 HENS NS
EPI ISL 208830 A/Go/Eastern China/L1214/2012 HSNS NS
EPIISL 244536 HSNG N

EPIISL 198835 AEmAiangxi/02.10 NCDZT001872015 HSNG NS

%9 EPI ISL 207051 A/Shenzhen/TH002/2016 HSNG NS

HSNE NS

EP1 ISL 244534 A/Ch/Taishun/TS2/2016 HSN6 NS
EPI ISL 207048 A/Shenzhen/TH003/2016 H5N6 NS
EPI ISL 199011 AICh/Hubei/03.06 WHWTZ0115.0/2015 H5NE NS
EP1ISL 198959 A/EnviJiangxi/05.07 NCJD0023D/2015 HSN6 NS
EPI ISL 200838 A/Yunnan/DQ002/2015 HSN6 NS
EPIISL 244527 YSYGS/2015 H5NG NS
EPIISL 199085 A/ChvYunnan/03.15 DQJT0054-2-P/2015 H5N6 NS
EP1ISL 12434 A/migratory Dk/Hong Kong/MP5883/2005 H5N8 NS

EPIISL 219874 ADKTaiwan/A3400/2015 HSNB NS

EPIISL 219876 1026/2015 H5N8 NS
EPIISL 196592 A/GolJiangswWX202/2014 H5NG NS

LC335987.1.A/M swan/Shimane/3211A001/2017-H5N6 NS
EPI ISL 268410 A/M swan/NL Elburg/17017377.00172017 H5N6 NS
EPI ISL 288412 A/T-DKINL HulshorsU17017367.007/2017 H5NG NS
991 £p1ISL 288409 AIM Swan/NL Hulshorsy17017367-012/2017 HSN6 NS
EPI ISL 287907 A/DKINL Biddinghuizen/17017237-00100572017-H5N6 NS
EP1 ISL 256817 A/Ty/Germany-NUR9807/2016 HSNB NS
EPI ISL 288364 AICh/Greece/39 2017b/72017 HSN6 NS
EPIISL 239420 ADi'Hungary/60441/2016 HSN8 NS
EPIISL 271714 AMul DivHungary/59163/2016 HSN8 NS
EPI ISL 282141 A/swantaly/17VIR7064-1/2017 HSN8 NS
EPI ISL 282143 A/Go/ltaly/17VIR6358-3/2017 HSNS NS
L EPIISL 135091 AMalCalformia/2559P/2011 HSN8 NS
EPIISL 5884 A/Ty/ireland/1378/1983 HSNS NS

ey . American LPAI HS

T EPIISL 1108 16-4/1984 HSNG NS
) EPIISL 179386 A/Dk/Quang Ninh/19¢511/2013 HSNS NS
i 7 N. American LPAI H5
—_—
005

Technical Appendix Figure 2 (following pages). Phylogenetic analysis was performed for each gene
segment. Related sequences in the GISAID database (http://platform.gisaid.org) were clustered using the
CD-HIT algorithm, using identity setting of 0.97—0.985. Phylogenetic trees were generated using the
neighbor-joining method with 1,000 bootstrap replicates within the MEGAG6 software package. The
maximum composite likelihood model was used with a gamma distribution (shape parameter = 1) for rate

variation. The optimal phylogenetic trees are shown, and are drawn to scale. The GISAID accession
numbers of the viruses are shown in the trees, as are the novel viruses isolated from the commercial duck
farm (EPI ISL 287907), the tufted (EPI ISL 288412), and the 2 mute swans (EPI ISL 288409 and EPI ISL
288410). Groups A-D of clade 2.3.4.4 are indicated. The H5NG6 viruses isolated in the Netherlands are in
red, the H5N®6 viruses isolated in Greece, Japan, and Taiwan are in blue, and the taxons comprising
H5NG6 viruses isolated from humans are in green. Segments shown are A) polymerase basic (PB2); B)
polymerase basic (PB1); C) polymerase (PA); D) hemagglutinin (HA); E) nucleoprotein (NP); F)

neuraminidase (NA); G) matrix protein (MP); H) nonstructural protein (NS).
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EPLIMR@MWI 1C/2017_H5N6_HA/2017-03-23

5_Alchicken/XuzhowXZ6/2016_H5N6_HA/2016-02-13
EPI_ISL_199402 AlduckiJiangi02.05_YGYXG038-P/2015_H5N6_HA2015-02-05
EPI_ISL_253046_A/chicken\JaparVAQ-HE144/2015_HSN6_HAZ2015-11-25

EPL_ISL_205120_AlduckWuhanJXYFB22/2015_H5N6_HA015-01-15

E&&aosmmmymmms_m‘mmsm-is
duck/Korea/H

ATyMalyN7 7_H5N8_2017-07-23__HA/2017-07-23

EPIISL ZBW ACh/Greece/39_20170/2017 H5N6_HA2017-02-06
1_ISL,_249691_Alchicken/Germany-MV/R10048/2016_HSN8_HA2016-11-27

EPI_ISL_288409_ AM_Swan/NL-Hulshorst/17017367-012/2017_H5N6_HA/2017-12-09
EPI_ISL_288410 AM_swan/NL-Elburg/17017377-001/2017_H5N6_HA/2017-12-09
EPI_ISL_288412_A/T-Dk/NL-Hulshorst/17017367-007/2017_H5N6_HA/2017-12-09
EPI_ISL_287907_A/DK/NL_Biddinghuizen/17017237-001005/2017-H5N6_HA/2017-12-07_2017-12-07
L .1-AM_swar/Shimane/3211A001/2017-H5N6_HAR017-11-27
EPI_ISL_287800_A/spoonbill Taiwar/DB645/2017_HSEN6.
5 .

5_HAR017-
EPLISL_270372_Alspot-billed_ WUEMPDIZOZGQMGJ-KSNB HA&OI3»12~O2

EPIISL_195769 N8)_ H5NS
EPL_ISL_270358_ Aloommon_tealShangha/PD1108-132013. H5N8, HA201 o106
EPL_ 5 Alcommon_teal/ShanghaiPD1121-15/2013_HSNB_HA2013-11-21
EPI_ISL_196502_AlgooseiangswWX202/2014_HSNS | 15
EPL_ISL_205119_AkluckWenzhowYHOL22/201 S HA01401-15

I ISL_139385_ Alduckiiangsuk1203/2010_HSNS_HA20
EPl_lSL_219&24_An= nfang/00324/2014_HSN6_HA2014-10-22

1L 139384, ) HSNS |
EP1ISL1a0e6 AluallangeUf 01042010 1S HA010-01-08
HA/2008-06-06

EPLISL_152087. 4/2008_H5NS |
EPI_ISL_130353_A/duck/HuBetl03/2010_H5N5_HA2010-03-28

2005 2007.5 2010 2012.5 2015
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Technical Appendix Figure 3 (following pages). Molecular dating was performed for the (A)
hemagglutinin (HA) and (B) neuraminidase (NA) gene segments. We estimated the tMRCA of 86 HA and
118 NA gene segment sequences; the GISAID accession numbers of the viruses are shown in the trees.
Time scaled phylogenies (dates shown on the horizontal axis) were reconstructed using a Bayesian
Markov chain Monte Carlo (MCMC) framework implemented in the BEAST software package (v 1.8.4)

(http://beast.community/beast) with the SRDO6 nt substitution model, the Bayesian Skyline coalescent

model, and an uncorrelated lognormal relaxed molecular clock. Three MCMC runs of 50 x 106 states
sampling each 5,000 steps were combined to obtain an effective sample size of >200. Maximum clade
credibility (MCC) trees were reconstructed with 10% burn-in and the posterior distribution of relevant
parameters were assessed in Fig Tree v 1.4.3 (http://tree.bio.ed.ac.uk/software/figtree). The H5SN6
viruses isolated in the Netherlands are in red and those isolated in Greece, Japan, and Taiwan are in

blue.
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